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(54) TRANSPARENT CONDUCTIVE FILM, LOW-REFLECTION TRANSPARENT CONDUCTIVE 
FILM, AND DISPLAY 



(57) A transparent conductive fihn according to the 
present invention has a transparent conductive layer 
containing at least two types of metals in a total amount 
of at least 10% by weight This «m is high in transpar- 
ency, tonablity, and corc&jcbvitK has exceptional static 
prevwttion and eiectrgrnagnertic shielding effects, ena- 
bles adjustment of the lone of «ansnitted images, and 
has ex ceptio nal durabBty with respect to saline resist- 
ance, acid resonance, o xida t i on resigance. and ultravi- 
olet resstance. 

The lowreflectfvBy transparent conductive IBm of 
the present invention is provided with the above-men- 
tioned trans pa ren t conductive layer 1, and at least one 
transparent thin fifrn Z having a refractive index different 
from the retractive Index of the transparent conductive 
layer 1 above and/or below this transparent conductive 
layer. Thta film can bo produced cheaply, Is high in 
transparency, tanabiflty, and conductivity, has excep- 
tional static prevention and electromagnetic shielding 
effects, has exceptional anti-rallective effects, enables 
adjustment of trie tone of transmitted images, and has 
exception* durability wfth respect to saline resistance, 
acid resistance, oxidation resstance. and ultraviolet 
resistance. 



The display device of the present invention has the 
above-mentioned tow-reflectivity transparent conduc- 
tive fim formed on Vie <S splay screen thereof. This dis- 
play device is high hi transparency, tanabOhy, and 
conductivity, has exceptional state prevention and eiec- 
tromagnetic shielding effects, has exceptional anti- 
reflective effects, enables adjustment of the tone of 
transmitted images, and has exceptional durebiSly with 
respect to seine resistance, add resistance, oxidation 
resistance, and uNraviotet resistance. 

FIG.l 
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Description 
TECHNICAL FIELD 

J The present inventon relates to a transparent conductive film having hrgh transparency, tarabrfity, and conduct ivrty, 
exceptional anti-static effects and electromagnetic shielding effects, and greatly improved durability such as with 
respect to saline rasjatance, acid resistance, oxidation resistance, end uttmvioiet resistance, a bw-reflectivity transpar- 
em conductors Mm having exceptional antr-reflective effects in addition to the abovo-morrionod properties; and an eltsc- 
trorragnstrcaly shielded display device having this fowrefledivity transparent conductive firm formed on the display 

io screen. 

BACKGROUND ART 

Corrverrtionally. transparent materials having high dielectric constants such as glasses and plastics tend to accu- 
is mutate static electik^ and alio* transmission ci electromasyietiG waves. In particular, in cathode ray tubas and plasma 
cSsptays which are often used for TV Braun tubes and computer displays, dust can collect due to static electricity gen- 
erated on the display screen so as to tower the vtctoiflty, and electromagnet*; waves can be radiated to affect the envi- 
rons. Por this reason, transparent conductive fame have been affixed to the display screens of cathode ray tubes and 
plasma displays wed In TV Braun tubes and corrector displays for toe purposes af preventing static electricity and/or 
so shielding electromagnetic waves. 

CorvonttonaJ transparent conduct f!ms are produced by terming a transparent conductive oxide such as indium 
oxida on a display screen by means of guttering or vapor deposition and affixinQ this to iha da^Ary screen of a di^jlay 
dovtoa, or by coating the front surface of a dfeptay screen with a dispersion fluid of antimony-doped tin oxide and a si tea 
sol binder. Addittonaty, there are transparent conductive films which are provided with a reflection preventing function 
ss by mafdng use of Interference effects wftrch occur due to reflection at a plurality of thin film surfaces, by laminating the 
top layer and/or the bottom layer of fro transparen t cood u ctivefilm withal least one trans 
ing a refractive Index oWsrent from the transparent conductive layer 

As conventional methods tar forming a transparent conductive film which not only prevents the accumulation of 
stone electricity but also has <»nductivfty high enough to shield electromagnetic radiation on the display screen of a Ote- 
ro play device, a process of putting the dfapfay screen Info a vapor deposition oven and depoefting indium Oxide com- 
pounds or tin oxide compounds thereon (PVD process), and a process of forming a transparent conductive film on the 
display screen by thermal decomposition of organic compounds surto as indhim or tin, c» saline solution (CVD process) 
are known. 

Wile the transparent conductive time formed by toe above-mentioned methods are sutflriBrrtly transparent when 

39 used only as anti -static ffrrta in which case toe fam thickness can be small, when used as electromagnefic wave shield- 
ing layers or electrode tarns, they must be made somewhat thicker because they require high conduofvtty, as a result 
of which toe transparency can be reduced, and the screen dan\enecL as wait aa raving risetop 

Hon of specific optical wavelengths which can cause coloring of the conductors fltm and cause unnatural changes in the 
rwe ot toe transn*ted images. Additionally, sinca a vacuum or high ternparatures are required in order to form a him 

40 using the above-rTientioned PVD process or CVD process, the cast of Investments in order to form a transparent oon- 
ductfve f3m on a large-area substrate can become extremely high, too efficiency can bo degraded, and too production 
costs can inflate. 

Coating processes have bean proposed for efficiently forming transparent conductive fairs on large substrates 
while suppressing equipment Investments. For example, coating materials containing organic Indlixn compouncte is dte- 

4s closed in Japanese Patent Application. Frto Publication No. Sho 52-1497. and coating materials having Indium aaits or 
tin salts disserved in water or organic solvents are disclosed In Japanese Patent Application, First Publication Na Sho 
63-6401. Japanese Patem Application. HrstPu^ Japanese Patent Application, rwsl PirbOea- 

bon No. Sho 58-82407. Japanese Patent Application, Bret Publication Mo. Sho 57-36714, and Japanese Patent Appli- 
cation, Rrst PuMteaflcn Not Sho 60-220507. However, since toe JormaSon of transparent conductive 10ms using these 

so coatjng materials requires heat treatment at high temperatures of at least 3So°C after coating the substrate, there ere 
I mtal iorra to Ihe materials which can be used tor toe substrate, and there are many restrictions with regard to toe pro- 

Coating metsrials wherein micropartictaa or coeoids of transparent conducive oxides such as tin oxide and Inrfium 
oxide are dispersed in polymer cofutions or binder resin6 are cPsdosed in Japanese Patent Application, Second Pubfi- 
ss cation Ma Sho 3S-6616, Japanese Patent AppBc*tion, Rrst Publication No. Sho 37-85866. Japanese Pelent Applica- 
tion, Rrst Publication Na Sho 58-91777, and Japanese Patent Application, First PuWcatfon Na Sho 62-278705. These 
coating materials are held to be capable of forming transparent conductive lirns at relatively low temperatures. 

However, aS of toe above-mentioned transparent conductive films require toe thickness of the coating film to be 
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mads small In order to obtain a practical level of trainsparency; moJdng them thin causes the oonductivily to be reduced, 
□o mat although they are usatul tor ihe punxwea oJ static prevention, they are insufficient tor the purposes ot electrical 
shielding; maKnp. them thick causes the transparency to be reduced, whicti darKans the screen and Bmits the possibil- 
ities of use. 

As a transparent conductive fftn hairing axeeptariaJ electromagnetic shielding effects and anti-reflection effects. 
Japanese Patent Applicadon, First PubS cation No. Hoi 8-77832 discloses one comprising a transparent conductive 
layer composed ot metallic micropartWea having an average grain size ot 2-20 nm and a transparent coat having a 
lower refractive mdex Although etectrarnagnetic shielding effects can be expected of this transparent conductive film, 
it fails to provide a solution to the problem ot abeorptkjn occurring at specific wavelengte 

on the ligi* transmission spectrin of the metal, thereby coloring the conductive fflm and unnaturally charging the hue 
of the transmitted image, and it also cannot be expected to provide sufficient anfi-f otlective effects. 

ftwirle fmnr above, If the purpose re simply to form a conductive ram. Japanese Patait Appfica tion . First Publi- 
cation No Hei 4-2848* disclaees a process of coating virith a «>ata^rriatertat wherein reduced met^ 
are dispersed In a photosensitive resin, and Japanese Patent AppScation. First Publication No. Hei 4-196009 discloses 
a process ot prvuing a conductive paste onto a dielectric green sheet using a screen printing method, but these are both 
non-transparent and do not result in a transparent conductive flra 

The present invention has boon mode to resolve the above problems, and therefore its object is to offer a 
ent conductive film having high tram^airency, tonaWUty. and conductivity, exceptional ana-static effects and etectromaB- 
netic shIekSng effects, adjusted tone of the transmitted imagea and greatly improved durability such as with respect to 
saline resistance, acid resistance, oxidation resistance, and ultravWot resistance-, a low-reflectivrty transparent conduc- 
tive (Urn having excepttorai anti-reflective effects in addition to the abo^montioned properties; and an eteGtjamac.net- 
icalty shielded display device having this low-raflectivity transparent wxiductiveSm termed on the display screen. 

DISCLOSURE OF THE INVENTION 

The present inventors achieved the present invention as a resurt of cHigertt reeearch for resolving the above-men- 
tioned problems by discov«vvig that a tranrjparant conductive «nn having a transparent ccnctucrjve layer containing at 
least t»<o types ot motets m an amount of at least 10% by weight is capable of beirg produced at a relatively low coat, 
has high transparency, tonabfllty, and conductivity, exceptional arrtl -static elfects and electromagnetic shielding effects, 
enables afljustrnentofthetoneof the transmitted images and has greatly improved durability such as with respect to 
saHne resistance, add resistance, osddatlcn resistance, and ultraviolet resistance. 

Thus, the present invention o«era a tranopa/ort corxluctlvefilm. asmprtalna a transparent condurfivB layer corrtauv 
ing at leasttwo types of morals In a total amount of at least 10% by weigrtt 

In the above, the at least two types of mats** in the transparent ranductlvo layer should preferably be selected from 
as the g«X4> constating of silver, goti, copper, platinum, palladium, ruthenium, rhodium. Iridium, osmium, rhenium, and 

In' tho /»v> «* tfm «i Uwrf two typos of metals in the transparent conductive layer should preferably be atvar. 
In the above, one ot the at least two type of metals In the transparent conductive layer should praferafity be palla- 

« In the above, the transparent conductive layer should preferably contain palladium and silver, in a ratio Pd : Ag 

within the range of80>99* by weight: 70-1% by weight , . , . ^ 

In the above, at l03St a portion of the metals in the transparent conductrve layer should preferably be fused to form 

a contin uous metallic thin fim. 

in the above, at lead a portion of the at least two types of mstate in the transparent conductive layer should preter- 
ms abtyforiTianalay; 

In the r*cw tfie ttwtspa^ condurt 
panrt^aj^ajcttve-ffrn^jnring coaling malarial contalntna at least two types or metalSc microparticies havlna an arar- 
aga grain stea of 100 nm or leas, then baMng at a tamperatuns within the range <* 15O-eS0"C. This transparent- 
conducifvB^^lbfmktg coating maf^ 
so The rxasant invention also offere a Icw^ 

flm as deocrtjod above, r^ at least one trans^^ 

tarn, having a retractive Index orHerarrt from the rotractive index of the transparent c^nrJuctivB layer. 
In the otoova, the transparent thin film should preferably contain SiO^ 

In the above, a transparent rough layer should preferably be formed as an outermost layer of the low-reflectrvrty 
ss transparent conductive fibre 

In the above, at least one layer constituting the low-rellectivity transparent conductrve film should preferably contain 

Tho present invention ate° offers a doptay davicu having a low-reflectivity tranter* conductive «am inaccord- 
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arc© with any una of deans 10-13 formed on a display screen. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 Fig. 1 is a section view showing a preferred low-reUecffvity transparent conductive film and display device according 
to the present invention; Fig. 2 is an X-ray diffraction diagram for a preferred e m b o d ime nt of the present invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

io An example of the best mode for carrying Out the present invention shad be explained with reference to the 
attached Rg. 1-lnRg. 1. this tow^eftectMty transparent conductive Urn 10 is fanned on me froru surface of the display 
screen 3 of a display device and is formed by sequentially laminating a transparent conductive fim 1 and a transparent 
thin film 2 having a refractive index different from ftfe transp a rent conductive film 1 onto Redisplay screen 3. 

This transparent conductive layer 1 contains paHadiun and 3*rer in a total amount of at load to% by weight The 

15 proportions of paBatfiun and sSver in the mixture, expressed as a ratio of Pd : Ag, should preferably be within the range 
of 30-39% by weftfit : 70-1% by weight Although the palladium and silver may be contained in the transparent conduc- 
tive layer 1 as respectively independertf microparticies, at least a portion of them should preferably ba fused to form a 
metaSctttn turn which is continuous, and at least one portion thereof forms an alloy composed of palladium and silver. 
When paEtadlum and silver are present in the form of microparticies In this transparent conductive layer 1. the 

20 micropartdee are in mutual contact, and at least a portion thereof is fused to form a continuous alloy thin fQm. There- 
fore, not only Is the conductivity high as a result of which the static prevention effects and electromagnetic shielding 
effects are exceptional, but the transparency is also high, and sbice a portion of me metal is paJladiuii. the conductivity 
is not lost even In a metal- corroding environment such as in seine water or sunlight, and exceptional durabilty is 
obtained such as with respect to saline resistance, add resistance, oxtdarjon resistance, and ultraviolet resistance. 

as Additionally, since a portion of the metal Is silver, sufficient conductivity can be ensured while enabling production at a 
reduced cost in comparison to use of only palladium. 

This transparent conductive layer 1 contains palladium rnioropartScleG and silver rrtcropartfctaE having an average 
grain size of preferably 20 nm or lees, and is preferably formed by coating the display screen 3 with a coating containing 
at least 45% by weight of alcohol by using a spin coater, then baking at a ternperature of preferably 150-25CC The 

M present inventors discovered that sines tha average grain sizes of the metallic microparticies contained in this coaling 
are SO nm or less, the rriicropafltctGG wil fuse even if the baking temperature Is as low as 150-250*0, so that an alloy 
thin film is at least partialy formed. Additionally, the alcohol In this coating lowers the viscosity and surface tension of 
coatings containing metafile rrssroparttcles, thereby forming a coating film having a uniform thickness, and Is also par- 
Ocularly effective in preventing the metallic microparticies from forming secondary particles. 

39 The preferred low-reflectivity transparant conductive film 10 of the present invention shown in Fig. 1 has a single 
layer of a transparent thin film 2 having a refractive index differe nt fro m the retractive index of the transparent conductive 
layerl formed on top of the transparent conducttvo layer 1. This transparent thin film 2 is formed from SiQa or tha uke 
which has a relative kw refractive index. The presence of this transparent thin film 2 above the transparant conductive 
layerl affectively prevents roflrjctfor of ambient ioht from tha low-reflsetivfty transparent conductive lllm to, and cor- 

40 tributes reflection prevention in addition to the above-mentioned transparency, static prevention, electromagnetic 
shielding, and dumbifty. 

In a more pr e ferable low-reflect Mty transparent conductive film according to the present Invention, a transparent 
rough layer is formed as the outermost layer. This transparent rough layer is prsferably composed of a transparant fSm 
having a low refractJvo Index, and has a surface with a routfi prof le so as to scatter Dght ref (acted from the surface of 

46 the taw-rrfectivtty transparent conductive flm and give tha display screen an anti-glare effect 

In a more preferable Icw-reflectMty transparent conductiva film according to the present [nvantlon, at least one of 
tha transparent fMnrJucfrva layer lor ttw trarBparentmintUm 2 contains a cotorant This colorant dsorbs light in a spe- 
afic wavelength band vrrtrnn the ranee of 400-600 nm which is the wavelength band of vfstilo Sarrt according to tho typo 
of metal contained in the transparent conductive layer, and is added for tha purposes of Improving the contrast of the 

so transrnrued images and/drfor the purposes of adjusting the hue whan the transrnittod images appear to have an unnat- 
ural color, as a reeuM of which it is possible to obtain a iov^efletfrvrty transparent conductive fim with imprtwad pwcep- 
tfbifity. 

The prsfened display device of the present invention has tha above-described low-reflectivity transparent conduc- 
Bvefftm 10 formed on the front surface of tnoolsptay screen 3 as shown in Rg. 1, due to which the display device of the 
bs present invwrton is such that static electricity is prevented so as to prevent the accurnulation of dust or the Ske. elec- 
tromagnetic waves aro ottoctivery shiaklad to prevented various types Of electromagnetic disturbances. Bra saaan has 
high transparency so that the transmitted Images are bright the reflection of ambient Dght is effectively prevented so 
that the perceptibility is high, and the transmitted images are dear, and the hue is adjusted so that the transmitted 
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I mages have colors which appear natural. Furthermore, degradation of the properties is prevented oyer tang periods of 
time under severe environmental co n d iti o ns . 

Next, each component of the present invention shaD be explained in detail. 

The transparent conducive film of the present invention essentially has a transparent conductive layer containing 
s at least two types of metals in a total of at least 10% by weight 

Examples ot metals which can be suitably used for tbe <*jovo are thoso having good conductivity and relator/ low 
susceptibffty to corrosion, tor example, saver, gotd. copper, platinum. paladiurn, ruthenium, rhodium, iridium, osmium, 
rhenium, and rtfrjejl. While at least two types of these metals can be c om b in ed arbitrary, those haying high transpar- 
«Tcy and tow ^sorption at spectflc wavelengths so as to give the transmitted images a natural hue, and with good con- 
10 cfucfivftyshouW preferably be selected. 

In the above-mentioned transparent conductive I am, at least one of the two types of metals should preferably be 
silver. The reason tor this is thai silver can bo obtained relatively easily and octxwntoaHy in the term of a colloidal dis- 
persion fluid, has high conductivity and exceptional static prevention and electromagnetic shielding effects, and terms 
a highly transparent conductive layer. 
r« Palladium should preferably be used as a metal In combination with silver. The reason for this is that palladium has 
high conductivity and is chemically stable, is highly resistant to chloride, sulfide, end oxide atmospheres, and will not 
change the r«ie of transmitted light because it has no absorption In specific wavelength bands in the range of 4O0-SC0 
run wbich is the wavelength Band of visible light, so as not to degrade the viability at transmitted images. 

While silver Is a metal having relatively low durabiity with respect ta saline resistance, acid resistance, and the 13ce, 
z» usfog elver in combination with palladium allows for the formation of a transparent conductive film with exceptional 
. durability with respect to soBno roctetanoo, add resistance, and the £>» because palladium and silver will fuse to form 
a Pd-Ag alloy even at relatively tow balana temperatures of 15D-250°C whan the transparent conducive layer is formed. 

When pafladhim and saver are used together, the proportional cement should preferably be such that the radio Pd 
: Ag Is within the range of 80-99% by weight : 70*1% by weight If the proportional content of paBadium Is higher, the 
as durabSty of the fransparent conductive film wtth respect to saline resi sta n ce , acid resistance, and the l*e wiD Increase. 
When silver Is used in at least a portion of the metals In the trare^jarent ec-iductlvo layer, geld is another example 
of a metal which may be used therewith. Whfle silver raw a characteristic absorption in the shorter wavelengths of the 
vtefrfe fight range and as a result has a tendency to apply a rather yellowish color to me tranemittod Images. btencsng 
in a relatively small amount of gold causes the transmitted spectrum to become flattened In the visUe fight range. 
30 thereby correcting the deviation in the hue of the transmitted Images. 

The reason the content of the metals in the transparent conductive layer Is made al least lO%by weight Is that the 
Gorxtoctivtty is reduced if the content is less than 1 0% by weight, and it become-. clBfciiB to obtain a substantial etecfro- 
magnetic shielding effect 

The metals In the transparent conductive layer may be present in the form of respectively independent rmcroparti- 
35 dec, may be fused in at least one portion to term a ccmtououG metalto thin fim, may have al least two types of metals 
fused In at least one portion to term an aOoy so as to result in an alloy thin film, or may have mlercparHeles and an ePoy 
thin turn In a state of mixture. 

The transparent conductive layer can be formed by coating a base material with a transpar-rt-eortouaive-toyer- 
forrrtngcoBfing material corrtatoing at least two types of metalSemicrtx^des having an average grain size of 100 nm 
« or lees, then batorxj at a temperature ot 150-250*0 When tfte average grain rim ot the metaBIc micropartides is 10O 
ran or less, then fusion and alloying of the particles Is promoted even at relatively lew baking temperatures of 150- 
250*CX so as to tbrm a transparent conductive fim having both eaccefler* conductivity and transparency. In view of the 
fusion and allaying of the metallc microparttclea, the average groin size of the metallic mtoropartjcSes should particularly 
be 20 nm or less. 

« On the other hand, if the average grain son ol the metallic rrticrcparlides in the trartspsrert-axxtoctivoHayQr-torm- 
i ng coating material exceeds 1 00 nm, than Ihe absorption of Sght by the coating fim becomes too high ta obtain a trans- 
parent conductive Am having a pnuSfcal level of transparency. 

The above-described trarrapareri t- oondudtoHayer-feriTing coating material should preferably contain at least two 
types of metallic miaopartdes and contain alcohol In an amount ol at least 45% by weight The alcohol lowers the vts- 
so coeSy and ei*face tension of the costing material containing the metallic micropartfeies so as to torm a coating him ot 
unrfcrm th ic kn e ss, and is particularly effectfve In preventing secondary granulation of the metaBc mlcraparbcles. This 
effect Is not fuDy activated If the content at the alcohol la less than 45% by weight. 

While there are r» particular restrictions as to the type of alcohol which may be used in the trartsparert-condLictlve- 
layer-forrrahg coaling material, lower alcohols, higher aJcohob, and glycols may be used. Particularly in view of lowering 
ss the viscosity and surface tension cf the coating material, it is preferable to use lower alcohols having 1 -4 carbon atoms; 
for example, methyl alcohol, ethyl alcohol, rvpropyl alcohol, teopropyl alcohol, n-butyl alcohol, sec-butyl alcohol, tart- 
butyl alcohol, or a mixture of two or more of these. 

Aside from the at least two types ot metafllc micropanScles and the alcohol, the above-described transparent-ccm- 
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ductrve-layor -forming ccatng matwial may also contain inorganic rnicropartides comprising opddes, co m p os ite oxides, 
or ritrides of sSoon, aJumtoum, arcanum, cerium, titanium, yttrium, zinc magnesium, inrJum, 6n, antimony, or potas- 
sium especiaty oxides, compo site oxides, or nitrides of Inchon as principal components, far the purposes of further 
incraasaig the transparency of the transparent con&jctiveflm The average c^n size of the^ 
« should preferably be 100 nm or less, and more preferably 50 rvn or less, tor tha same reasons as mentioned above. 

The above-described trangpargnt^ond u rtva-layer-torrntng eoafing material may also contain binder components 
for irwrraislng the iitai strength dlhste^ 

Include organic synthetic resins such as polyester resins, acrylic rosins, epoxy resins, metomine resins, urethane res- 
ina. butyral resins, and uttravioiat-nardentng resins, hydrotysates of aJkoxides of metals such as silicon, titanium, and 
w zirconium, and crganic/inorflanic binder components such as silicone monomare and sificon» oigomers. 
In particular, it is preferable to use as bindsnt compounds expressed by the foflowing formula: 

is (wherein M represents 9, Tl, or Zr. R represents a C r C 4 afkyi group, m represents an integer of 1-4. n represents an 

imager of 0-3, and m+n equals 4), partial hydro! ysatee thereof, or mixtures of one or more types thereof 

the binder component should preferably be added In an anv^of 10% by wei^w less Decree H can cause the 

conductivity of the fransparant oonductrve flm to be reduced if added in an excessive arrant 

In order to increase the affinity between the binder component and the metaiic micropartldes, the surfaces of trie 
so metaUo mlcrapartides may be treated with coupling agents such as sllcone coupling agents and tManate coupling 

agents, or with lipophJHc surface-treating agents such as carboxySc add salts, pofycartxgyfic add salts, phosphoric 

ester aate. sulfonic add saits, or polysuKonie acid salts. 

F u rthermore!, the tran8pare«-ec<vJuctive-tayer-fc*rr^ coating materta) may contain various types of surfactants 

and/or be readjusted In order to maintain the dtepergon etah2ity of the metaKc rnieropartfclee in the coating material 
ss if required. ExanrptesorsurtaGtants which can be uaed fcx thispijn^oseinctixieanioriicsuiai^an^ such a&potycaitoox- 

yilc add salt types, sulfonic acid salt types, and phosphoric aster types, macf omotecutar surfactants such as pohMnyl 

atoohds, poryvinyl ryrrotdone, potyethytene glycol, and ceifciose, and cationic surfactants such as amine salt types. 

Addtttanaty. the pH may be adjusted by adding inorganic acids, inorganic bases, or organic bases. Furthermore, aside 

from the above-mentioned dtepersion etatx&eers, ft is possible to add silicone type surtactante or fluorine type sur- 
30 tactants m order to adjust the leakage and seaiablltty wtth rasped to display screen base materials such as glass or 

pfasfica. 

The method tor nrodudng the transparer«-corxluctrve-la^-tormlng ooattoa material Is not particuiarty restricted. 
Far example, it may be produced by rnlxi^ a eoloid solution eontBir^ 

the atiove-dBsertoed aioohote, inorganic rrteroparHGlBB, and binders as needed, and uniformly biandng by convention- 

36 aJfy used dbaMraion techniques such as by using anuttrasontembrerorasandmll. 

As an example, the transparent conductive layer can be formed by the following method s - One mefltod ItmsVbb 
separately preparing colloidal rJspersion fluids which each contain a single type of metallic micropartide having an 
average grain size of 100 nm or less, for exarrple a savored and a pef^umsd, then mixing theae together In a des- 
ignated prop o r ti o n and adding the above-mentioned alcohols, transparent Inorganie rricrapertidea and/or binders as 

a needed In order to prepare a transrjarent-cortouctfve^w-torn^ coating material oonttMng at least two types of 
metafXc mteropartdes, unnormry coattog a base malarial of a drsplay screen with tree coating material such that the 
contort rt the metals in the transparent conductive layer aftm drying will became at least 10% by weight, drying, and 
baking for one hour at a constant tensMraturointheiengeot 1S0-250*C. 

Another matted for farming toa transparent conductive layer InvohraB separately preparing cdloidal dfspereion flu- 

*s ids such as a Silver eni and a paladlum aol which each contain a Single type at metallic mlcroparticta having an overage 
grain size d 1 00 nm or less and the atxiirft-tTterrSoned aJconola transparent kraoanlc micrapartidBs and/or binders as 
needed, unttarmfy coating a base material with these eoafing materials In order such that the prooortlons of the matma 
in the transparent conductive iayar after drying wiQ become a designated value, drying, and batang. There ere no par- 
ticular restrictions tor the order of coating In OUs method. 

so The transparent conductive flm of the present invention can be formed by coating a base material of a display 
screen or the fata w8h the above-dsscrbed b an^ a ara nVconducfive^aye^forrning coating material, and baking to form 
a film. Tho coating can ba performed using any eommorty Icriown thtottm coating technique, such as spin coating, rdl 
coaling, knife coaling, bar coaling, spray coaling, meniscus coating, dip coaling or gravura prirrino. Of these, spin coat- 
ing is an especially preferable coaling method because it enables tne tormarjon oi a thin (3m having a uniform thickness 

55 in a short period d time. 

After coating, the ccataig fieri is dried, then baked at 1 SO-2S0*C to form a transparent conductive layer on the sur- 
face of the base material. The resulting transparent conductive layer may form a smooth coat or may have a lamina 
structure having uTeguiarrties, a mesh structure, or a plumose structure. 
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II was discovered thai duo to the extremely small particle size of the metaffic microparticJija in the transparent-con- 
ductivo-tayar-fcjrmiog coating maiwial, when terming a coating Sra at least a portion ruses to torm a continuous metal- 
lic thin flm even at surprismgjy tow taking temperatures of 1 50-250*0 at which normal coarse partides do not fuse. 
This is dear from cPcervetJone made by mxsweccpes. PeXHanaBy. tor example, whan a coating fitm containing palta- 
s dlum micraparfldes and ailver micropartJcies having an average gtain sixe of 20 nm or loss was baked at 175*C, the 
surface resistivity of the thin fHm was as low as 100-1000 Qfcquartt thus indicating a reduction in the intergranular 
resistance. Snce this affect is particularty evident whan silver particles which have a relatively low malting point are 
present, the surfaca resistivity crftha thin fflm can bay 

micrcparticles even if the amount ot silver partidaa ta on the order of only a few % by weight 
to AdcStkxioJIy, H was Cfccovorod that an a*oy i3 produced In a metaOc trin film wherein at least two types of metallic 
rrricropartlGiwS are fused. This te dear from X-ray diffracfJon of a sample formed by baking a ccxrting f ilm containing pal- 
ladium mJoQpartides and sflver micropartides at 175*C in which peaks due to the presence of palladium and atver 
cannot bar ecogrtizad whilaasinglopeakctuetaa Pd Agdloycan bo observed, as shown in Fig. 2. Due to the produc- 
tion of 8/iis alloy, tha transparerrt conductive ram of the present invention has high corciutfh/rty. while also gaining a high 
is level ©f durabafty with reaped to saline resistance, acid resistance, oxidation resistance, and ultraviolet resistanca 

The thickness of the transparent conductive layer should preferably be within the range of 5-200 nm. In particular, 
good transparency can he obtained while retaining suffident static prevention effects and electromagnetic shielding 
effects by making the thickness within the range of 5-50 nm. Ma thickness of less than Snm, not only does ft become 
dHf kait to obtain sufftdenl electromagnetic shielding effects, but it also becomes difficult to form a uniform film. On the 
so other hand, if the thickn ess exceeds 200 nm. there are no problems in the conductivity, but the transparency Is reduced, 
thereby reducing the vteibflrty of Iho transmitted Image*. 

The total content of the at least two types of metals in the transparerrt conductive <Hm should be selected so as to 
enable the desired electromagnetic ehfekSng effects tt be obtained fncc*islderfflfonrf 
nesa. 

25 In general, electromagnetic shielding effects can be expressed by the tatowing Equation 1 : 

S(dB) -50+ 10log(^| «■ 1.7f^ Equation 1 

30 

(wherein S(dB) represents the electromagnets shielding effect, p (n . cm) represents the volume resistivity of the con- 
ductive film. / (MHz) represents the eloctromasnetic frequency, and f (cm) represents the thickness of the conductive 

In this case, the thickness f Is extremely thin as mentioned above, so that the electromagnetic shielding effect S 
ss cot ^approximated by the Mtowirg 

S(dB) -50+ 1M03^ Equation 2 

«o 

That is, a greater ehiekSng effect w« bo generated with respect ta a wide range of frequencies of electromagnetic 
waves If the volume restetWty (p) of the transparent conductive film Is made as smeB as possible. Generally, electro- 
magnetic eMekfing effects are considered to be effective it S > 30 dB and exceptional If 5 > 60 dB. Since the frequency 
of the electromagnetic waves which are to be eontroled 1s genaraly in trie range ol 1 0 kHz-1000 MHz. tha volume rssis- 
4S trvity (p) of the transpwert cnnductiv» layer should preferably be less than or equal to 10 3 O • cm in order to obtain good 
elertrorrngnefe Shielding effects w&h affim fhickness of 200 nm or tess. 

In order to fulfil this conoWcn, the transparent conductive layer should contain metals In an amount of at least 10% 
by wetgM. B the metallic content is less than 1 0% by weight, the conductivity vtrU be reduced so as to make it difficult to 
obtain substantial electromagnetic shieiclng effects, 
so If the transparent conductive layer is colored due to the content of metals other than palladium, the hue can also 
be adjusted by supprsssing the Sgrtt absoiption dwrscteristics ol tha metal in the transparent conductive flm by moans 
of ultraviolet Irrectefion. Infrared Irradiation, rrtcrowava Irradiation, X-ray Irrarllallon. or aamma ray Irradiation. 

The transparent conducfive Nm of the present invention may also be formed from a single transparent conductive 
layer or may be formed from a tanination of a plurality of transparent conductive layers of transparent ttnri films which 
ss oo not have electrical conduction capaWBiiea. 

Need, the low-refledivity transparent conductive turn of the present invention shall be explained. 

This tow-reftetivrty transparent conductive fBfn has at (east one layer of a transparent thin film having a refractive 
index different from the refractive index of the transparent conductive layer aDcve or beiow the transparent conductive 
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flm. This transparent thin film eliminates and reduces tho reflection of arrttert Sght from the boundaries of tho tSm by 
means of an interference effect, and is wed to confer an anti-reflective effect to the transparent conductive flm. This 
transplant thin film ic not rcocessarfly restricted to a s»ic>« layer, and may bo formed from rrxJttola layars. 

Generaly, boundary ret lection prevention capabilities in multi-layered thin fibrB are determined by the refractive 
5 ircfices and ttcKnosses of the thin fi!m» the number of laminated thin films. Consequently, affective arrS-roflaction 
effects can bo conferred to the low-reflecJivity transparent conductive fim of the present invention as well by appropri- 
ately designing the tr anspar ent conductive film and the transparent tfin films by con si der ing the number of laminated 
time. 

The transparent thin films not only prevent reflection at the boundaries in a mufti -layered thin Hm but also can be 
10 expected to have an effect of protecting the screen from external forces when used on a disptey screen of a display 
device. Therefore, * b preferable for a tranepcrorrt thin fim having cuffWont strsngth few practicaJ purposes and having 
a lower retractive Wax than trie transparent conductive fim to be provided aheva the transparent conductive ram. Asa 
result. It is peeeHe to obtain a low^affectivrty transparent conductive film which te practical for use in display devices 
such as cathode ray tubas and plasma displays. 
is Examples of materials capable of farming the transparent thin film Include thermoplastic rteat- hardening, and 
light/electron beam hardening resins such as polyester resins, acrylic resins, epoxy resins, and butyral resins; hydro- 
lysates ot alknxidos of metafe such as silicon, aluminum, titanium, and zirconium; and siicorw monarnens and 6iScone 
ofigomars. which may be used either atone or as mixtures. 

A particularly favorable transparent thin flfm is an of SlOj thin film which has a high surface hardness and a rela- 
» lively low refractivo index. An example of a malarial capable Of forming such an StOj thin film is a compound as 
expressed by the foUowrng formula: 

26 (wherein R represents a CvC^alkyl group, m represents an irrleo^c< 1-4. n represens an WagBr ol r>3, arrf m+n 
equals 4). partial hydrorysatee thereof, or mixtures of one or more types thereof. As an example of such a compound, 
tettaethoxysaane (SiCOCzHs)*) which Is suitable far use in view of the abTCty to form a thin Hm, the transparency, flm 
strength, and antH'eftecilve oapabflttfea. 

If they alow the transparent thin flfm to be adjusted to a different refractive index from the transparent conductive 
ao film, It Is afeo possbte to add various types of resins, metal oxides, corrposlte axidea, or niridos, or precursors whloh 
gener a te these due to baiting. 

The formation of the transparent thin flm can be performed by any method wherein a coating fluid (transparent- 
tNn»f w T*tarmlngCTittngrr«tari^ 

of forming tie swspa^eonductfveinra WhBe the coating can be performed by spin ccatlrxK rrjO cr^ng, ls^ coat- 
as ing. bar coating, spray coaling, meniscus coating, dip coating, gravure printing, or the Bee, spin coating is parti&iarly 
rjreferabto. After coa*% the coaling film bd 
tron beam irradiation. 

The tow-rettectSvify transparent conductive Hm of tho preserrt invention may have a transparent rough layer, I.e. a 
transparent flm having a roughened profile, as the outarmOGt layer. This transparent rowoh layer ha* the effect of scat- 
40 taring flgfrt reflected from the surface of the lewr-reftectJvfty transparent conductive film ao as to confer an antiglare 
effect to the display screen. In order to obtain a sufficient antl-g!are effect. U is preferable to form a routfianad surface 
such that the gloss value (shininosa) is reducedbyir>-f^ preferably 

If the reduction In mo gloss value exceeds 40%. this ia oflen acccmpanifld with the haze value exceeding 3%, in which 
case the flm surface can become whitened so as to reduce tha visibiHy such as the Image resolution of the transmitted 
45 i ma g es . 

The shape of the rough srsface of the transparent rough layer can be appropriately selected depencSng an the ptx> 
posa, such as to r*tucu tha reflection of amclerrt Ugh! and to enable the transmitted image to be claarty peroaptfble. 
Examples of typical shapes include shapes wharefri multiple harrisphertcal or correal burrpa or notches are regularly 
or irregularly rSBtfewted on the tartee, shapes wherein multiple rib-shaped projections and depressio n s are arranged 

so in a ttincKBShion or in waves, and shapes wherein multiple regular or irregular grwves are formed on a flat surface. 

With any of tho above shapes, the haght ditfarenca of the irregularities (the drfference in height berwaen the tops 
ol tha projections arxl the bcttDfrn erf the depressions) shoutd preferably bo within tho ranga of 0.01 -1 inn on average 
in order to obtain a reduction of the gloss value in the range of 20-40%. When the height differaice is less than 0.01 
nm, tho resulting surface is a substantially fiat surface, and it ia not possible to obtain sufficient anti -glare effect s. Qrtthe 

55 other nand, if the height drttarenca exceeds 1 nm, the haze IncrwcMo so as to reduce tha resolution of the transmitted 
images. 

In order to turn a transparent rough layer on tho upper surface of the transparent conovctive lilm. it is posstxe to 
use a method of forming a discrete toyer (n»crca3artjqJa layer) by spraying a transparent coating malarial with an appro- 
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priataty adjusted viscosity onto the transparent thin fOm. than baking. Additionally, it can also be formed by coating the 
transparent thin fibn with a uniform thickness of a transparent coating material containing transparent microparticJes 
such as SiOj rmcroparticles and a madnjra then evaporating the solvent so as to form irregularities with the transparent 
micropartWes. Furthermore, it is also possible to torm irregularities on a flat transparent conductive Mm surface by 
s means of embossing or etching. 

II the refractive index of the transparent rough layer ts set to a refractive index different from that of the transpfUHnt 
conductive layer, then the transparent rough layer w* be enectlve not only in scattering omtt ortt Sight reflections but aiso 
in preventing interlays* reflect ona. AdrJtionafiy. the transparent rough layer should preferably ba made into a hard coat 
as with the tnytsparerrt thin Hm in view of the flm strength and the ami-ret lactrve capabiKtie& When considering these 

io points, the owtaparemrooo^ layer sheHitdpreterabV 

transparent thin film, such aa a tirtraethoxysilane coating malarial, tor the purposes of film strength and anti-reflective 

° fto< At"least one layer constituting the tow^eflectivity transparent conductive ram of the present Invontioc may contain 
a coiorant This colorant <s added tar adjusting the hue of the transmitted images by masking 5a a3 to provide a natural 

is appearance and for improving the chromatic contrast of the transmfttea images, wnen tnere are deviations in the spec- 
trum of transrntted Ugrtt due to the metals contained in the transparent conducive layer. For example, when saver is 
used as one type of metal, the transparent conductive fcayw will be given a yellowish color because silver absortas light 
in the fower wavelengths of 400-530 ran in the viable range, thus making the hue of the transmitted images appear 
urraturai. Tho addition of a colorant has the effect of corroding this to flatten the spectrum of the transmitted Ight ovis- 
ac the entire visible wavelength range, thereby improving the fruo ot the transnitted images. 

Colorants which are appropriate tar use in the low-rgftoctMty transparent conductive film of the present invention 
are Hue. violet and Wack colorants. Among these, violet pigments and blue pigments are especially effecting m toning 
transmuted Images, and white Wade pigments also hove a toning effect they additionally have the effect of increasing 
the chromatic contrast ol fria transmitted images. 

as Exan^es of colorants which are suitable far use include organic and inorganic pigments such as phthatocyanwie 
bare, eyarwie blue, Wanthrone blue, droxodne vtdet aniline black, alkali blue, titanium oxide, chrome oxide, iron black, 
cobalt btua, cerulean blue, zhc chrotnate, uitramarlne blue, manganese violet cobalt violet, prusslan blue, and carbon 
black; and blue, vtotot or black dyes such as azo dyes, arrthraquinone dyes, Indkjold dyes, phthalrjcyariina dyes, car- 
bonium dyes, ojironeimine dyes. metWne dyes, qukxjlna dyes, nrtrodyos, nHroso dyes, berttcqubnone dyss, naphtho- 

M qubwe dyes, naphthaJlrrfde dyes, and parirtone dyes. 

However, the icw-rofi activity transporerrt conductive tarn of the present Invention may also contain colorants tar 
hues other than tor toning purposes, such as far giving the screen a specHlc cotar. 

Additionally, aside from the conventional colorants mentioned above, it Is possible to use other colorants which 
have been used or proposed for transparent conductive films or the display screene of cathode ray tubas, for example, 

se those whfchhavef«ere«ecte of selectrv^ 

Japanese Patent Application, First Publication Mo. He! 1-380742. Japanese Patent Application, First Pubficafion No. Hei 
3-11532. and Japanese Patent Application, First Publication No Hel 3-254048), those which obtain high-contrast 
effects by reducing overall trgnsmlssMty of visile light (for example, see Japanese Patent Application. First Publication 
No. Hei S-60903), mesa which obtain anti-reflective shads by using colorants which roughly correspond to the mm- 

40 mum reflectivity ki an anti-reflective ttm doe to absorption of light In a lamination (tor example, see Japanese Patent 
Application, First Pubicatton Mo Hei 5-203804). and those which dbtain natural images which are soft on the eyes by 
absorbing vistte light of specific wavelengths (for example, Japanese Patent Applicanon, First Publication No. Hei 7- 
151903). ^ Jt _, 

The icw-rsflectivay transparent, cenducfive torn of the present invention can ba applied affectively to the display 

48 scrsens of various types Df dbpiay devices such as cathode ray tubes, plasma displays, liquid crystal displays, touch 
panels, arsi el e ctro-opti c display devices, the windows of automobiles and buikfinrjs. and the view windows of nucro- 



The display device of the present invention has the abeve^nenttoned low-reflectivity transparont conductive film 
formed on the display screen. This display device prevents the accumulation of static electricity on the display screen 
so so that dust does not adhere to the image display saean. shields glectrcmaBnetic waves so that various types of elec- 
tromagnetic drsturbanc*6 are prevented, has exceptional Sght transmission so that the images are bright, has a uniform 
thickness so that the outer appearance of the display screen is improved, has controlled reflection so that the visibility 
is good, and has high durability with respect to saline resistance, acid resistance, oxidation resistance, and ultraviolet 
resistance go that conducfivrty is not tost even in metal-corrosive environments such as in saline water or surtiBht 
ss In particular, the display device ol the present invwrtion wherein the transparent conductive film cortajrB palladium 
is highly resistant to the hatogryi salts contained in salt components due to seawater and the sweat erf operators during 
transport hydrogen sulide gases in hot spring area* acidfcfenricte such » 

and oxide gases such aa ozone which are generated by ultraviolet radiation, and is capable of maintaining the initial per- 
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facmanco such as w* respect to anti-static effects, electromagnetic shi skiing effects, anti*cfiecnvs affects, hue. and 
film sfc-wigth over long periods at tima. even when placed under environmental conditions which Inciuda such degrading 
factors. 

s Examples 

Hereinbelow, the present invention shall be expiah-ied tn detail by means of examples, but the present invention is 
not restricted by these examples in any way. 

The taOowing wore prsparod as base ftuWs common to both the examples and the corTparative examples. 

10 

(Aqueous Palladium Sol) 

An aquHOus solution containing 0. 15 mmoM o) palladium chloride and on aqueous solution containing 0.024 rnmoW 
of soolum boron hydrio»w«rerntxrjdtogeth^^ 
<5 aqueous sol containing 0.189 moW of palladium m*cmparticl«s (average grain size 10 mn). 

. (Aqueous Platinum Sol) 

An aqueous solution containing 0.2S mmoL" of cttoropiatinie acid hydrate and an aqueous solution containfrig 0.1 5 
a> mmoW of sodiuni boron hydride wens mixed together, and the resulting colloidal aspersion irjJd was concentrated to 
obtain an aqueous sol containing 0.103 mol/1 of platinum microparticles (average grain size 10 run). 

(Aqueous Sflwar Sol) 

» White holding an aqueous soMtan (GO g) having sodfcrm cftrate drhydrate {14 g) and ferrous sulfate (7.5 g) dte- 
soJvad therein at 5°C, an aouooue solution (25 g) having sfrer nitrate (2.5 g) disserved ttisrein was added to obtain a 
silver sol hwrtng a reddish brown ccfc*. After removing impurities from this idvar sol by centrifugal separation and rins- 
ing, purified water was added to obtain an aqueous sol containing 0.185 moM of saver rntaepartdes (average grain 
steelOnmX 

90 

(1h)rrap8ref»Thln-rntei^rrning Coating Material) 

TetmathoxysBane (0.8 g)> 0.1 N hydrochloric add (0-8 g) and ethyl alcohol (98-4 g) ware mixed together to form a 
uniform aqueous solution. 

SB 

(Example i) 

- Preparation of Transparant-Ccnducfive-FUrn-Fonriing Coating Material: 



40 





Aqueous Palladium Sol 


1Sg 




Aqueous Silver Sol 


35 g 




Isopropyi AJcohca 


10 g 




Ethyl Alcohol 


40 g 



The oJbove-totsd components ware mbcad together, then the rastfting fluid mixture was rrwda into a dtepenslon by 
so an uftaaonio d fep o rsln g machine (BRANSON ULTHASONICS 'Sonaior 450*). to prepare the transparerttH=onatx*ive- 
lil m - l or r rtng coattng material of Example 1. 

• Film Formation: 

ss Th« above-described transparr^-«ondutrfive-ti!rrhfgrrrtirtg coating material was coated onto the drspfay screen of a 
Braun tube using a spin coaler. Attar drying, the abore-ofescribed t«nsparerrMhrn^h>*»Tring coating material was 
coated onto the coating surface in the same manner using a spin coaler, then this 8mun tube was put into a dryer and 
balojd ter one hour at i t»ns to form a Icwk 
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having arofleefion preventing, high-conductiviiy Km a c coi tf ng to Example 1. 
(Example 2) 

5 . Preparation of TrBngparant-CorriucSve- R n ^ onnlng Costing Material: 



10 



Aqueous Palladium Sol 


35 Q 


Aqueous Silver Sol 


ISg 


Isopropyl Alcohol 


10 g 


Ethyl Alcohol 


40fl 



SO 



Trie abova-isted compongnK wars mixed together, then processed in the same manner as witfi Example 1 to pre- 
pare trie tra«sparert-corxfcietr*e4nm j »orn*rig coating material of Example 2. 

- Rim formation: 

The abcve-deecrfced tranaparent-corxJua^fflrrvfoiTning coaflng materia) was used and treated in tha samo marv 
ner as with Example 1 to produce a catfiodo ray tube having a reflection prwarrting. htgh-conductivity film according to 
Example 2. 

as (Examples) 

- Proration of Ttarepar^^kxKXJCt^Flm-RjrmlnB Coating Material: 



ao 



Aqueous Palladium Sol 


45 o 


Aqueous Sliver Sol 


Sg 


teopropyl Alcohol 


I0g 


Ethyl Alcohol 


40 g 



The abovo-ttetad components were mixed tooather. then processed in the same manner as with Example 1 to pr»- 
pare the trar^>arftrtt-corxXK^a-riliTv4orming coating material of Example 3. 

40 

- Film Formation: 

Thestoeve-descrrbedtnuispajert-co^ 
ner aa wtth example t to produce a cathode ray tube having a reflection preventing, mgrt-conducttvtty fgm according to 
«E Examptai 

(Example 4) 

- Preparation of Trar«H«r^<>xiC*lcffv^RnvFgmiirig Coaling Material: 



Aqueous Palladium Sd 


2Sg 


Aqueous Silver Sol 


25 g 


Isopropyl Alcohol 


10 g 


Ethyl Alcohol 


40 g 
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The above-B»ted components were rnrxed together, then processed In ire same manner as with Example 1 to pre- 
pare tne transperBnt^ontfcjctr^ilm-fonnfrig coating material of Example 4. 

- Film Formation; 

8 

The above-doscrfood trarsparerTt-wiriiliJCSh^rarTvfcirrning coating malarial was used and treated in the same man- 
ner as writh Example 1 to produce a cathode ray tube having a reflection preventing, rtfgli-cancajctivrty film according to 
Example 4, 

to (Example 5) 

• Preparation of Trartq^arern-Corckxaive-Filr^ Coating Material: 



Aqueous Paitaefum Sol 


12.Sfl 


Aqueous Platinum Sol 


12-Sg 


Aqueous SKvar Sol 


25 a 


Isopropyl Alcohol 


10 g 


Ethyl Alcohol 


40 g 



gs Tho abovfc-feiad components ware mixed together, then procerssad in me same mamer as with Example 1 to pre- 
pare the trariBpannbGOnductive-f3rr>4onTdnB coating material of Example 5. 

- Film Formation: 



so The above-described tmneparerrt « yriucth«^r7vlofTrtng coating material was used and treated in the same man- 
ner as wtth Example 1 to produce a cathode ray tube having a reflection preventing. high-conduc8vtty llrn according to 
Examples 

(Comparatrve Example 1) 

88 

- Preparation of Iransparem-Cofirtur^r^Fllrn^ormirxj Coating Material: 



Aqueous Silver 8oi 


SO g 


isopropyl Alcohol 


10 g 


Ethyl Alcohol 


40 g 



Tha above-feted components were mixed together, then processed In the seme manner as with Example 1 to pre- 
pare the trarEparem-ax^ducflve^irvkxrrilng costing material of Comparative Example 1. 

■ Rim Formation: 

Tfie above-described tmnsparent-«inductive-fJnvlorTnirig coating material was used and treated in the came man- 
ner as wflh Example 1 to produce a arfiiode ray tube havlrto. a renecSon preventing, Wgivconciucevrry film according to 
Comparative Example 1. 



ss 
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(Comparative Exanpio 2) 

• Preparation of Transparent-Conductive- FHm- Forming Coating Material: 



to 



so 



Antimony-doped Tin Oxide Powder (SUMITOMO OSAKA CEMENT, average grain are 0.01 iirti) 
Purified Water 
Butyl Cellosofve 
tPA 



1.5Q 
78.5 fl 
10.0 8 
10.0 0 



The above-feted components were mixed together, then made into a dispersion by an ultrasonic dispersing 
machine (BRANSON ULTRASONICS "SonHter *50") . to prepare the transparent-conductive-l il r»kxtning coating mate- 
rial of Comparative Example 2. 

- Flm Formation: 

The opovo-doccriood transparent-cordu^e-TifrrKtarm^ coating materia) was coated omo the display scraen of a 
Sraun tube using a spin coater. Altar drying, the above-deecribed transparert-Wn-fRm-tanrisng coating material was 
coated onto the coating surface in the same manner using a spin coater, then a i™*-re»l»ctivity transparent conductive 
fam was termed by bating In a dryer tor one hour at 150°C. thereby producing a cathode fay tube having a reflection 
preventing, hlgh-condUctivity fHm aocordi>g to CorrperativQ Bcarrple a. 

The types and quantities of metals contained In the trarwparent-coiiducrive^am-toming coaling materials accord- 
ing to the above-described Examples 1-5 and Comparative Examptee 1 and 2 are shown In table 1. 



TABLE 1 



Coating Material 


Types of Metals 


Metal Content (parts by 
wt) 


Example 1 


Pd 


0.3 




Ag 


0.7 


Example 2 


Pd 


0.7 




Ag 


0.3 


Example? 


Pd 


0.9 




Ag 


0.1 


Example 4 


Pd 


0.5 




Ag 


0.5 


Examples 


Pd 


0.25 




Pt 


0.85 




As 


0.50 


Comparafiwe Example 1 


Ag 


1.0 


Comparative Example 2 


ATO* 1 ' 


1.0 



55 



antknonydcoed lin <*tide 

(Evatuatory Meas ur e m en ts ) 

Th8 properties of Bib low-reflectivity transparent conductive Rms formed on trie cathode ray tubes were measured 
by means of the fallowing devices or method s - 
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Trarxanissrvity: 
Haw: 

Surface Resistance: 
Trarerrissivity Difference*. 



ro Reflectivity: 

Elactromagnetlc Shielding: 
Saline ResistanCB: 
Interplaner Spacing: 

is 



TOKYO D6NSHOKU 'AutemfifiC Haze Meier H III DP* 
TOKYO 06NSHOKU -Automatic Haze Meter H III DP- 
MITSUBISHI CHEMICAL CORP. "Rolaala AP" {4-terminaJ method) 
HITACHI. LTD. U-3500" autDnsbc-rBcarJing spedraphotometer was mad to d at amine 
the drftorortce between the maxkmim tjartarrissivfiy and minimum trancmissivtty In the 
visaxe Eght range. (Tna smarter the maximum-minimum transrrissivitjr diffaranca in the 
viabteightrtirtge, Ihef^er Wetransmtosivtty, and dearths hue of the transmitted 
Images. Particularly when 1 0% or less, ma cotor of the transmitted Images approaches 
black, and a high degree of cfarfty is obtained-) 
EG&G QAMMASCIENT1FIC *Modal 0-11" 
Calculated by the above-given Equation 1 at a standard of 0.5 MHz. 
Bectrornagnetic shielding at 0.5 MHz after 3 days of immersion in saline. 
The tnterplaiMr -qsaov-g of tha conductive material was measured using an X-ray diffrac- 
tion device. The X-ray diffraction values ndicais tha irttarplener spacings of the (i.i.i) 
plana in E*amotos t -S and Comparative ExampJe 1 . and of the (1,1,0) plarte in Compar- 
ative Example 2. with the values in the Q indicatng *> a theoretical values. 



The measurement results are shown in Tables 2 and 3. 



TABLE 2 





Traraniisaivity (%) 


HS2QC%) 


Surface rUininfonce 
(firequare) | 


Transntissivity 
Difference (%) 


Example 1 


7ai 


0.0 


1 X10 2 ' 


10 


Example 2 


70.1 


0.0 


sxio 2 


8 


Examples 


70.3 


0.0 


SxlO 2 


. 2 


Example 4 


70.S 


0.0 


8x10* 


5 


Examples 


71.2 


0.0 


5x10* 


a 


Con-parattva Example 1 


764 


0.1 


6x10* 


20 


Cornparatru"© Example 2 


102.7 


0.1 


SxlO 7 


1 



TABLE 3 





ReBactJvftyfJt) 


0.5 MHz Bectro-Mag- 
netic Shiakfing (oB) 


SaBrte 
Resistance 


Irtarpianar Spacing (A) 


Example 1 


OS 


872 


822 


2.33 (2.33) 


Example 2 


0-3 


802 


80.1 


227(228) 


Example 3 


0.5 


782 


782 


225(228) 


Example 4 


02 


82.4 


81.8 


2.30 (2.30) 


Examples 


OA 


80.2 


79.4 


221 (2.31) 


Comparattw ExampiB 1 


0.9 


75.0 


10.1 


226 (226) 


CumJBiauve Example 2 


1.0 


56.0 


58.0 


3-36 (335) 



The results of Tfltxas Z and 3 show that the cathode ray tuba samplas of Examptos 1-5 which have low-reflectivity 
Uanscarar* conductive films having transparent conductive layers containing at toast two types of metals in a total of at 
x laest 10% by weight on the display screens all have favorable transrrissivities. arm! trans missivity differences, low 
rcttoctrvtty, and no subsiantiafly detectabio rtoxo, so that tho transrnatwi images are bright have a natural hue, and ara 
sharp. AckfrSonaly. the surface resistance is small, 30 that thB anti-static effect is largo, and the electromagnetic shield- 
ing effects ot» mceflertt. Furthermore, the fact that thay have exceptional saine resistance ncficates that thBy aJso have 
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exceptional durablity. 

The measurement results for the rrlerpfsner saucing of the X-ray analysis Indicate that the metals in the transpar- 
ent conductive layers of Examples 1-5 were detected as smgls-substartce peaks, which roughly matched the War- 
pianer snscfngs (theoretical values) o< aloys composed from retHoa of Pd : Ag - 3 : 7, Pd : Ag ~ 7 : 3, Pd : Ag - 9 : 1. 

5 Pd : Ag ■ 5 ; S, and Pd ; Pt: Ag ■ 2.3 : 2.5 : 5.0, thus demonstrating that those two of three types ot metals formed alloys 
in the transparent conductive layers. 

In contrast thereto, the cathode ray tube of Comparative ExHinata 1 having a corrventionally known low-reflectivity 
transparent conductive film has a transparent conductive layer composed of nscroparticles of a single metal (Ag) and 
therefore has a high transmiss'vfty d iffe rence in the spectrum transmitted visible light, so that there was a deviation in 

io the hue, and the colors ot me transmitted images appeared unnatural Addrbonaay. the reflection was high, and haze 
was observed, so that the perceptibSlty was deficient Furthermore, the sairte resistance was extremely low, so that the 
durabCty was deficient On the other hand, the cathode ray tube of Comparative Example 2 had a transparent conduc- 
tive layer composed of antmony-doped tin oxide, having a high reflectivity and exhlxtmg haze, so thai tho perceptivity 
was deficient Additionally, the striate registries was high so that the electromagnetic shieldrtg was delibent so that 

IS the value essentially oo a lew-rcftectMty oloctromagnatk: shieiding display device was lo»» in comparison to *ie cathode 
ray tube of the present inverrSon- 

INDUSTRIAL APPLICABILITY 

ao As descrfoed above, tha transparent conductive film of the present Invention has a transparent conductive layer 
containl ng at least two types of metals In a total amount ofatleast10%byw8igMasaresurto1whlchthetran^>arency. 
tonabiUty and rjonductivity are high, the static prevention affects and electromagnetic chiolcfing effects are exceptional, 
and the tone of the transmuted images is controlled. Furthermore, the durability Is ex ce ptional with respect to safine 
rodctanoc, add resistance, oxidation resistance, ultraviolet resistance, and the like, and the transparent conductive film 

25 can be used advantageously for tha sialic prevention and electromagnetic shielding of various types of display devices. 
Since trie tow-refiectMty transparent conriurflva film ot tha present invention has foe abowo mentioned transparent 
conductive layer as an upp«r layer and/or a bottom layer, and has at loast exia layer of a transparent thin film having a 
refractive Index different from the refractive Index of the transparent conductive layer, anti-reflection capabiEHes are con- 
ferred In addition to the above mentioned properties, the static prevention effects and etectfomagnaticshiafdmg effects 

so are exceptional, the tana el transmitted images Is controlled, and the durabffity ta exceptional with respect to saline 
resistance, acid resistance, oxidation resistance, and ultraviolet resistance, and ambient Bght reflection and haze are 
also GLfipresced so as to result in transmlttflri Imsgae which are deaf and have good perceptibaty. 

The display device of the present invention has the above-mentioned low-r* leetrvfty transparent conductive film 
formed on the dsptay screen, so that dust will not adhere to the image display screen, electromagnetic waves are affac- 

as tfvely shielded so as to prevent various electrom a gnetic disturbances, the fight transmission Is exceptional so that 
Images are bright, the flm thickness Is uniform so that the appearance of the display screen is improved, the reflection 
is suppressed so that me perceptrbifty is good, and the durability is high such as with respect to saline resistance, acid 
resistance, oxidation resistance, and ultraviolet resistance so that the conductivity Is not lest even In metal-oorroeive 
environments such as in salne and sunlight 

« AccoroTngty. the transparent conductive fSm and low-roflectivity transparent conductive fiim of the present invention 
can be eflectiveiy applied to various types of display devices such as cathode ray tubes of televtelonE and ca rnputer dis- 
plays, plasma displays, IkuJd crystal display devices, touch panels, and atocfro-opric display devices, the transparent 
electrodes of safer batteries, fhe transparent conductive portions of transparent heating elements, or devices which 
radiate electromagnetic waves, or can be adhered to glass, budding materials, or the Bee. such as for the windows of 

43 sixgery rooms, broadcasting atuSoo. OA Installations, and mrtcmobil«*bu3diriga, or to the vlow windows of microwave 
ovens. 

AddrbOnalh; the display device of tho present invention has high durabiBy even under severe conditions, and s 
capable of maintaining reflection prevention, stafic prevention, and electro magnetic shielding effects over long periods 
of time. 

so 

Claims 

1. A transparent conductive f Dm, characterized by comprising a transparent conductive layer containing at least two 
types of metals in a total amount of at least 10% by weight 

55 

2. Atrcnsparerrtcorrtuear/ofilm inace 

em conductive layer are selected from the group consisting of suver, gold, copper, platinum, pafladrurn, ruthenium, 
rhodium. Iridium, osmium, rhenium, and nickel. 
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3. A transparent conductive f&n in acgoc^angs with daim 1. wherein one of tile al least two typee of metats in said 
transparent conductive layer is silver. 



4. A tr*rtspase«4 conductive fibn in accordance with daim 1. wherein one of the at least two typ« of metals in said 
5 transparent conductive layar Is paladlum. 

5. Atranaparant conductivB Wm in accordance with claim t. wherein said transparent oonductiw layar contains pai- 
larSum and siver. and the ratio Pd : Ag is within the ranged 30-99% by weigrrt: 70-1% by weight 

»o 6. Atrar«cafantegx)uctrvof8mlna cc ord af K» wt^ctalm 1, wherein « leasts prxtirxirrf the metala in 3aid transparsrtt 
conductive layer are fused to form a continuous metafflo thei f8rrt 

7. A transpararrt conduce flm In aowxdance with daim 1 . wherein at iBast a portion ol the at least two types of m«t- 
ale in said transparent conductive layer forms an alloy. 

IS 

3. A transparent oonductive film in accordance with claim 1, wherein said transparent conductive layer is formed by 
applying to a base material a trari6parerrt-«xx3ucSve4Pm-tof rr*>g coating malarial containing at least two types of 
metallic imoroparbcles having an average grain sua of 100 nm or less, then baking at a temperature within the 
ranga of 150-250*C. 

so 

9. AtrarKparar^corKfuctryefiminaocnrdaricewith claim 8, wtioroin said trancp2rerrt-concluctN , e-r¥rn-forTnlng coating 
material contains alcohol in an amount of at least 45% by weight. 

10. A towHOflectfvtty transparent conductive fern characterized by comprising a transparent conductive fOm in accord- 
as anca willi any one of ctabrts 1 -9. and at laast one transparent thin film provided above and/br below said transpar- 
ent conductive film, hmvtng a refractive i relax different from the refractive index of said transparent conductive layer. 



11. A tow-reflectivity transparent conductive film in accordance with dafen 10. wherein said transparent thin flm corv 
tains SO2. 

30 

12. A loMf-refladMty transparent conductive film in accordance with claim 10, wherein a transparent rough layer la 
formed aa an outermost layer of said low-reflectivity transparent conductive flm. 

13. A Unw-raftecavtry transparent conductive fan In accordance with daim 10, wherein at teas* one layer constituting 
*a said tow roOocffvtty transparent conductive fam contains a colorant 

14. A dtepiay device characterized by havfng a Ir>^eflec8vfty transparent conducliva tikn in accordance wifh any one 
Of ctokns 10-13 formed on a display screen. 



40 



48 



SO 
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FIG.l 




FIG.2 



Pd:403* 



Pd/Ag - 70/ 30 
39.77° 




43 42 4l 40 39 38 37 36 35 
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